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7- a. — y'&J&fUL'T 2>o 
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ftfflW- 1 0-2038 1 0 



im&m i ] SfS§fg<}n;:iBffiL7cgtt±u:*7-*"> 
affiled - r/tyfa- ^'fiKSP^iaE^ ^46mfiE L 

zctizk-o TMtBSi*±ic* -^y±y * d. - zr&wt 

<t^b*#TJfML/clf^ 1 STclt 2 icfBitf)^-*" 

m&m 4 ] * - * y 1- y ^ ^ - -jmmmi&mmK 
&mm®Lm¥T&z>m#m 1 ~ 3 (D^-mmztzmot) 

im&msi u-#>-)-s?-i.-7f&mmtemwt]\ 

Fe, Co. N i <Dl>mfr<D£/l£^WT£tt3<JS3 
3: fc li 4 KIBKO Zj-tfv^y^n- ^(D^jg^jio 

^ieiSjt e & zmxm 3 id b®<d a - ^>tyfi- 

[fi^Jis] BijiBn^*x*\ mmmxmcomntyia 
m*^ts : &£VB-c&%m&m 1 ~7<a^-r ntnciBiEa) 

iE<D * - # y i- y ^ - 7 <D9H 'MJ5 : £<, 
tltsRJll 0] ii5fiBj^ifi>9Affl<7)j£ift6\ mmiifcrn 

IBffi<0^-<K>^-y^ii.-^|!iji^;£„ 

im&m 1 1 i BijiBstssfgrtosTD^ 10-2-10 

4/\°X*iUOKfflT^^ff3?Jai ~1 OO^-fftJbMCIS 

is© * - * y± y 3. - 7 <»mm.J5mo 
im&m-\ 2] mzy^x^zmi&Tzn&ttfatf 

*-#>^-y^a-7<7)fi!6R^|plTS^if9<^1 ~1 1 
O^mftHClBtEtD^-^ V^-y n - 7<0«Jt£SS. 

[w^jsi 3] HuiB^xv^ine-r^ms^KxD 

mi'HSJgtf 5 0 V / c mJ.X±T££IS;RiS 1 ~ 1 2 £DL N 

■r nMciBigo * - > y ^ n - ^^^>£ 0 

[000 1] 



fis**ft<h LTmmzfm^r S iD-^y±y^D.-y'<D 
mmii&izmTz* 

[0 0 0 2] 

^^14 tf «;> =f-. y y 7 x - X M. y 5 1 fr<E> m& L 7c JS*4^ 
*DHb. S2Hb L800~1400 "CTigeiSHb. * LT 
1 500~3000 "CT-lSSQlt^^ST^So £ => 
LZm 6 tlfc * 7 7"f / 1- l±3SS-^3*14*^ <*: tt 

«i25^ffiHa^a»*Biiia)«jfi««:flc«ld«»t L 

[0003] zntimiz&tzmg.2titzt>-#>j-s 

£y> ^»Aftilig<D®«^i-705fifitC^TtC^oT 
^ 0 ^<D*-7}t>±y^zi-^i^)!i£(7)^*^lcJ:U* 

d we o rc y ^mtt-mztez z. t <j«aiswtciHS* 
[0004] cine ©aa5iR©«it«s©-« w^sji 

^<D«lBS=& * <t 46 £ <t WTO) <!; JJ U ^.o 
(1) *— #>77"f/«— ICOl^T 

J** T^jK-aymmit^myjm^oy^mz a y 

[0 0 0 5] IXTlCi/c^fc 3aS<D^jS75i£lCO^T 

mmizmwtZo 

(S) P A N m tS - # > 7 7"T / < - 

Htfticdfy T 7 * 'J P- h 'J /U£^TM^*£>$&&, * 

O^Fii!<bSQS> S;SfiQScD3 0(D±^:^P-bX^T^ 

ufn^ ^mitrnw. mi&mm?imit£.mmiz£z 
mitrntttiz* £fc. ya-tx(Dm'p?7 7"fi<;-iz 
<D$ft;£rp)tcBfl?'JT£<fc3ic&y. &&&m^<fa±?% 

>7 7"f /<— lC(i>Rffl (Genera I Purpose, GP)^U— 
K, *J<fet>^3S^ (High Tensile Strength, HD^'TX 

© t" •> ^ ^ _ ^> -J T J , ^_ 
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<8P*W 1 0-20 38 1 0 



/ v -? x -x& tf •> ^^ig«si(D±ic 2 asuctttt e 

mfSHbfre>&oTi^o 
[0 0 0 6] ^V7i-Xlgt°>>^^*Jffi!iit*P AN 
- 3? > 7 7"T /\*- <Dm^<0 J: 5 Witt^M X t*. 

^vT&mmmmtemWtemWigh Modulus. HM)2-f X 

izmmznzzrc* 

1 m^tt. Km*** ^tidxizlt^o 
-tf^gi* i o 5 oxvmzm$Ltcmt5.tpi*iizm>)2< 

So /&Si&f§lcl±*£JBf& <l«>TSfill^7"r/<-CD$lli^ 
}IB<D3«5I#%*6nTl^So f&iSUcl* 1 OnmggiD 

[0 0 0 7] m i =>tirc7 7"(/K-lttp.i>fr£>tpQ : ?jL- 

?\ w-m-zm^mmm. wicisis^icib^jli nmm 
¥*a T-m^m s mttftitp&T n - 7im®mt><mz & 

fc*>tf><h#*.6*lSo d<Dcfc5^:^a-^±l*^M!«i: 

Jb^tetl^ili^-J. Crysi. Growth, 73 (1985) 431 T 
IftEELTfSo 
[0008] MfflJ&K;£TliS*5tc f&&*ttl±T;fc < -> 
— x-f >^Sfi (Seeding Catalyst Method) <!:. ftb^M 
ffl4»lc»ifi*-&saHBiftBiS6(Floating Catalyst Metho 
d) tffcS, aittttaa-ptt^ 7"f K-ogfl«IB<»rtilBi 
tfofcffcWcfc y-¥>TlA, Sfclshioka 51*** 'JT^ 

LT7iP-fe><h^M7'-b5 1 Jl/7 7 -tz^h^-< h©;g^ft 

£ffii/>s e: t ic «fc y ^ e> (c 7 z-r 7{-a>**tfiPi±-r s 

dt^Carbon, 30 (1992) 859 £ cfclKarbon, 30 (199 
2) 865 ICJJ^TUMB LTl/'So 
[0 0 0 9] ->-7=V >->">iTi#6n/c^7"f/^-{it»i 
fflS^DD?lSC:<!:lcJ:y||Sje<iaii«iig^fl3iT*o T 
fcfetS 2 0 0 0 °C«5fiT'iHB«ijl6^ii Lv 2 500'C 



&t\, d+i5^^7"r/<-^2 8oo°cw±Tisii!as-r 
5 <h 7 5* -f A- ttii tf^ft jb ic & s *° y dr - -> a > 

[0010] znz(Dm7£*3;i*mz&-2>£. pan 

IR, e -V ? JKTliSftf 1 5 0-400 °C£D»SmT« 

ISfb. nrpMbro^S^^TS^o Tftfo-S 1 3 0 o 

X^tDgftjiQSTm^b^nfcBC^M^*!^.!:. 2 8 0 
0 •C«3fiTJSR«Mb* ttfcfi& v H<W*4tf 35 5. £ OfiDllft 
£ t, & o Jt liigfiD LJSJn* tt3SE'J>T S<8|p] ic 
2dS 0 tt»9J£*££:£fctrta*R&ttfc:y?-3R» PAN 
& x /V7i-Xf7m «MBf$£$4)MlceR. 3 1 
3l»Wtt*l«l*U Htfii*li<&Tf So H7d 
tt*-«K>7 7'-m-TU:¥J$ffiHIW#0. 3 4 4 nm 

tr Lmamm&ti-x^y a-ti± 2400 °c^± 
T-m^mmzm? £*v%mmv%& 0 . 3 3 e n mgjg 
y s«w^a«tiig^§ e n?.o ^ niiismatmfii 

[0 0 1 1] W±8BKL7fc«aT»6n«*-#>7 7' 
-T / ^- <Dg(ilBf m milhT-S * ft\ d tl 6 TOM L 

So 

(2) ^-^>^-/^zl-^Ico^T 

Rttaw* - y a - pfo-* - 7 7"f / * 
T-immn m m j-x±<d*t?t T•^fflSt^^^^«o^^i^=& - # 

Ls S.o^-*;>©AftiSaB(D@^liliSia)i67Dlp|<!: i FtT 
T'^ - ^(C^: Sttift* a. - 7 £ op-S 

^-XlC#46So 
[0 0 12] *-*>^-y^a-X©^lCl±IHtt±li: 

2a^5EQetiTt^„ ^m±*-*>7 7"r/^-<Dm*a 

^ ©73 aii *-*>7?^ f — <om*gJ5£S;£ <t H t?|S| l: 
T^So JICDcfc5^iy;$^C. E. SNYDER 6 J^fflfSiiPfaW 
0 8 9/07 1 6 3tclBtBLT^So SKSSSO^lcM 

X x^>, 7n;rA Xt?>. ^*-y->, 5/ fa's* 

v>tsiz<D$&mmit7m j p*Ti'>. 7ofi/x 
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11^1 0-2 0 3 8 1 0 



Z> 0 £td%ni5Xt*m<»tktt 1 : 2 0~2 0 : 1 tffi 
ffT'fcy, MSStiFem?*, &£t>teF e<hMo. C 

(fumed) Tiis-i-jLizttmz-ezis^m&m 

m^tlTl^o 5f5§St±5 5 0~8 5 0°Ca>tgfflT\ 

*x<D^fiti 1 -<y?'&mrc>j7km& i o o s c c m. 
mmzsts&miDXtf 2 0 0 s c c migtf»$ l < , 

mS^jSALT 3 0#~ 1 ^ligT'*-#Vfa- 

[0 0 13] ji^ LTifens^-^v^a-^o^ 

liffifltf 3 . 5 ~ 7 5 n mHJgTifc 'J . S^liilSCD 5 

-loo oteicirr^o a-* ^toiBstssimi^a-? 

7— Wm&M i j imalc<£ U »SHCftf«*tu f¥*ffltt 
Nature Vol. 354 (1991) p. 56-58Kfe|gT*-;h.Tl^o T 7 
—7fifc®;£<h&, 7*/l/=T>1 OOTo r r CDI^SIM^T- 

-SBttli: 5 ~ 2 0 n m®B8R»&? tttlc^-r £ 
CDft-;n'>5 1 3.-:niiIS4~3 0 nmTft^l jj 
m, 2~5 OMO^ZL-^ttO^-.ltV-fHg^a^orc 

s <Dm?3&.mzm£-&-? * a. - ^©jynm-^o: y 

[0 0 14] 3=/c. T. W. Ebbesen eitT-t&mm? 

ol. 358 (1992) p.220-222KIEi£LTl^<, ftfiUcilS 
9 mm, ^ffilC|SS6mrriC7)j3?^$£fflL\ >/\— 
tfT'l mmglLT^lRir-S.fcaiSML. Mj^SO 
OTor r»SItfT'^18V, 100A©7-^1B! 
5 OOTo r r J-XTfct 
7'<Dm£l*'J>te < . 5 0 0 T o r r J&tTfcgft 
<D3fefiEaii;W>-r^o SIS^CD 5 0 0 T o r r 7c<fc£ 
J&%lf CDft - 7 a - 7<Dl"J^li 7 5 o/oICjST 

t*-<K>^-y^a - ^'cDiR»*(iffiT L7c 0 * fc ± / 

i£-rs 0 

[0015] dCT4if2-7©Ci:?- IftWlc^/l/ 

[0 0 16] ^^fSmic^ttt^t. mi lc^TJ;-5 
ic* - #>7 3» -f / f- Tattle ffiWof a - 
«BB8l>gtffiiSLTLv&t^1 (a) iZ7jiT£oWm 



£=ffU M«*fU/l Lfc«ffl«l»«SfcTH*H 1 (b) CD 
SiNigliiSifrS&S* ffiSttl£l*7ISa%. ) jtM5*tf, 

^<DgiHicSLn/c^<Dm**i^ < tt* lt& y » t 7 - 

^flMETeiiBI (c) <D£?lztp,L4cmz¥-'n?B.-2 

j£l±*E]jR, ) tfRiiU JlKcOT'^l/T'T'XttcD*)- 
* XDttMt l\ d CD ft y * n. - 

[0 0 17] 

[#SB££>W;*L<fc?<tT£l3IM] ±IBco*-#>^-y^ 

±y^a-^±*T*-t>^[Rjt,5>^A^^coT^y, * 

a-^iifijfflicis LTx smmzEiR lt 
u * e izfmTzmmiz<g;t>-eTVfig.(DfcmzM 

JiKL&ltftli&e&lA, fljilli'. m^<hLT*UfflL<i: 
■pil-TS^lCli A. G. RinzlerSliSCIENCE Vol. 269 
(1995) p. 1550-1553 iCjf^ftTL^,*: r> 

3"f/^-«!)i**«yaiu n-^m^ic«#LT*- 
CDs joiffigp^ sm?^ ms.iz cty?i*aiLTt^o 

Sfc, Walt A. de Heer "SliSCIENCE Vol. 270 (1995) 
p. 1179-1180 tJjCt/SCIENCEVol. 268(1995) p.845-847 

^*nsj:5ic, T-vwm.-oftmi.tc-h—f.^i-s 

[001 8] is-?* >?(Dm&&m^fzmttmfe?*> 
&i*±izw.mj3-tfyi-sT=L-7ittfzmit-ez>z\ttf 
T*^6\ s«5>a^^ 8oo °cmmtm< t^rr^w 
t><& y , * 7c j&st s * - y ^ a - y<ni5fa*> u 

/U^T'X^CD^-^V^SL^r^ofcc $7cBflt^ 
[0 0 19] TT^lCT'-^SSmT^Am^^T^ 

y , t) - m >i- y * a - ^co i&m&w&mbmv> 

Tl<> 55g^McDSm<!: , CD < J:5feS{*±lCiig* 

- # >i- y f- a - ? zmm * -t+s c t \t^mx^ ■? 

Tec 

[0 0 2 0] J^±fr6Sft?trnSJ;5lEii5fflcD«M^6 

^ s s<*± i z ?m t. -r s 7? ft i c * - # > ^- y ? o. - y * 
Bf&Tz><Dimmiz®m?& y. *5»cBfa©iiin8T» 

[0021] tttmomtfiiis. oMmesAT 

mi*±izt)-#z/i-yTD.-7*!&mi*-emz>mmj5?£ 
*mm-%zt\,z&z> 0 

[0022] *mn<DWxo&m$. m^±\z^\t<D^- 
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ftfflW- 1 0-20 38 1 0 



10 0 2 3] ^.wmmommt. mw±.\,z?5fa®.i$& 

[0 0 2 4] 

- ymmfflt&mwz^tbBm l/c sinful asj&sgirt 
j&mic ck zzf^x^&SiZ-ez z. t iz £ ^TSuie»* 

So 

[0 0 2 5] *§|B^Tti*-*>^-y^iL-^©jglC 

?p -tmnmm * ns z\<»?u -mnity-vm 
TiEft <dwm?3 izm. faoyms. ->& mm l tdm^<r>wkii m 

i& B^T 7 — ?®3ft^isE^Pfl>\ ? 6lcSBfr< ti?'P- 

m<?n-i&w.mw£vzzf. =tt\& *){m.mm\.zmm^n 
-wmma. mmm # s?g y p -swb«« <t warn 

So ^'P-]»m«isEi: 7'-'»afm^isE^P^cogIJ^liiM;Jg 
(D?'p-fifc® 

^*P-fifc®l±ff:fttf5Bn 0 0 0y\°X*;UJ-XTT«fmW3it 
tfifcl 0mA WTCiE^ ffiWStooafJELfciiMrPfc 
S„ iKDJ;5^:]te«li5S3!t«Eli:«fcoTiSens. B3it 

95. ft^'P-. ^^x-BSSB* ^LTAg&^d&ttS 
|glcjgE'i>U m3Stli4~5«rfiS^:*^o HSli^fHi-r 

s tic <t: anna^n. * z. & 6 icttai * ns 
ttizmmamms.^Tti^T^^ 7-?nm-?\mm 
mvmmn*. rattans** «5j:rf*©iffl©^x 
?tft8® t 7 - * s^s £ s„ 
[0026] y-^^m-^icfc^T^-^y^-y^iL- 
^jW» ensi^iiJ-xTcoj^ic^enSo f&fr-s 

xv^T-r^-xb^n, *<Dmm'{*>c + %ii&mm 

lc5l*§-y:enSo KSTli^tcigjSlc&oT^Sfc 
tb?^z>7 -r MbtfiEciy^TivtmcifcSo fc/cLfc 



[0027] *mw<DJ5&Tim%(07a-itiinmi£W 
E ic ct y raica L^-r s £ <t i= <fc y * - a? >± y 

[0 0 2 8] 

^ii«T*SgB^^LTJfM*nfct(DT^n«a^ 0 
[0 0 2 9] <k^SSfigt7)^blCcfcoT*l-*>±y^a 

#>±S*D.-y&MMamS&£. LTfiio Lf#S&§fi£<D 
95#£Smcm/rf S£2:£«*tf S £ £ii<T=£. 

^ / * a - ^SBBttfiJS^^toSa^TiS < Z. £ Iz £ o 
[0 0 3 0] <b^6fflj«*Xft*1±fc3!j-*E>^-y^a- 

p,ate^j:yx<j*wicis^5rHg^giJ^=&^EeT*sttD^ 

t(0<»:LT^fSJI<b^T 5 *So Cftb^lt L< l±f6 
atfilO^flsiLTii. Fe> TK V. Cr, Mn, 
Co. NK Cu> Nb> Mo, Pd, W, P t i&i:© 

^>^y-< K5tH§Ri>'s i c^^ft^if e.n 
So c:ne<D^Ti±. Mit7i<.m<D%i7mis.iz*izm-£it 

Z>Z.£t)^mt£&mmt-?&ZF e. Co, Ni-¥>^tl 

[00 3 1] Ctlb©^b%5*-#>tyfi- 
^J«SBg^JsE^Sf*±lcJfMt-S^<b LTli. m?L 

if, c:n6(7)«*4A^e^sa«s«t?^«i*±ic@^*H± 

S^}^, S^0*®tccn6O^*46^^Sgl , ^^}f$ 
fiTt S^a.H**tf S il <!: tfT'^So 
[0 0 3 2] BUm^t LTSf*±tciaS*-^S^<!: 

LTii. Mmfrttmi*mMiziKzwt%j5 : ,£mi}m? 

*So 

[0033] 3&3b\ dn-a.^w^e.^s®^^ t*. 

<5"J?l«^X'f^a<bW#ns-^W^;ilc<i:^Ti# 
Sd<b*>T-^So 1 o4M°7.*;uas©7';i/ 
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[oo3 4] zzicfflwztxttmt Lzm^co^^^ 

1S.HO)j3s{1y k fetE'$'%> SEM (Scanning Electron Micro 

scope : femm* mam % £-cm^m^mw±izmm 

f&mt-eZ Z. £ t rH&T&^o 
[0 0 3 5] raaia^j icoiNTl±WT<0<fc-5 

[0036] ruMMsmS 14 Stffi • atft^j 
(*T^£S & tt±tttJKS1 9 8 6*P9#1 BSHt) T 

[0 0 3 7] r^|gT«*4?<ht^<!:*lcfi^(Dil^ 
1£^tcV 2 ~ 3 ju mSJgfr •=> 1 0 n miSSTd: U It 
icMWm^tl^LZlclt'Ki&tfl 0nmSg)b^2~ 
3 nmig)g*T^3gi*-r?>e:<»:lC-rSo i^g£-JSLT 

-So J (19 5^— >*2 2~2 6?t§#«S) o 

[0038] ttwrzt. mtsmm^mmm "n-mm 
[0039] rgijit^s^itfijga) "tea&^n 

(1 9 8 1 ~1 9 8 6) Tli. tft?©*** 
«2) 1 ~ 1 0 0 n mc7)§gHcDfccD£ "mM®. 

=?-" (utlra fain particle) LW&Z. tic Lfc TZ>£ 

i momum? tifcj:^ ioo~io8i< simdisi? 

TliA-EAftTTas*,, j ( HBfKtfc? • SUiti^S 

srj ±Eam-. mmm m. =mmr& i 9 8 8 

*P2^-v>1 -4fra#HD HaaS^y^ SK/Jx? 

l^ctx -r^^s^*^fli~^w{iT^fi!6* 1 fi 

12-1 3'<7§#BB) „ 



[0 0 4 0] W±cD<fcd&-llSW&lW££^lE*-c\ 
*EE«B«Kfcl^T ratM&TFj <hti 1 nm-U/jmcDS 

[0 04 1] Sic. SiSlil5??ffll>^l^tLTtt, 
pTiSft. ^^-ifg-^ X £ *5"jyy 
5 7 -f -Stfiic £ y % mg<7)1SMH:±I5c7>*mfr 6 & S 

[0042] -fs. mmftt£mvtttmti!t\£Tct>-tfz/ 

mibmmizttmrZJi&tLZte, FE (Field Emissio 
n-nzmm) (O^mTm^ZtlZmfeV STM (Scann 
ing Tunneling Microscope^SS r- >*Jl/81?BSB) <D 

£^Tfrs^x?£ixyi$<x^>-?;£-^ s*5<7) 

[0 0 4 3] ix±(oy5 : ,£;iz£-?zme>rL2>t>-tf>i-s 
td.- ymmwu&m&omktomm*® 3 tc^-r= m 3 
(a) ~ (b) i*. mw3 2±izti-^>±y^=L-y 

TSLfc'tcDT-, 1213 (a) ttaaift^Sffl^TJBril* 
tl/cti^ M3 (b) li'Jy^7-f-ftifi^iJfflLT 

l^fc^^. 03 (c) (i^SISig GDIjflUABUIftll 

[0 0 4 4] *«(H©^SStcfflt^ ^.5i*t LTii, S 
S^MS«5-¥>S i ^x/x-, 535* #53.. t5 = 77 

[0 0 4 5] U±(D£ : HzLTt!-#>1-S : ?-3--7'&i 

[0046] SflcfDES^SST Lfc <»: CI ^5T\ Sl^SS 
ft^iSLTI 0-6/\°x*;US®tc3S£tlcLT*)^. m 

mmAm<Dmnz^tsiD*z&fc^ftizmmffi)izmA 
T2>„ mxm&it. rmt?2>i)-tfyi-s : 3 L 3.-zf<D 
ffimvmmm&mizfo^TmE.miR-rzz.ttjiTZz 

SPLT. SF5Sfgrt<7)EE73/)M 0"2~1 04y\°X*;Uc7) 
®S<!:^:^<fc ^ lzmMfiX*Jx.l&B%sf*)lzmAT ScT)^ 

[0 0 4 7] 5^SSffrtlC©A-rS@E^*Affi£DiS^t 
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ftffl 3 ?- 1 0-20 38 1 0 



'vfc+?->, x^ux T'-tz^uv* ^>-tf >. 

[0 0 4 8] J^*4^'X©SlSSSgF«3'\CD©Att«l6 i lit}t 

[0 0 4 9] &3b\ gf*:;£Jg(i. flJjitiU 0 0~9 0 0 
[0 0 5 0] C<D?n-fiHBR£;B<Dtt&£LT(i* Br 

Mtr*yp-ia«**t*-a:«ct3!j«RifiBT. fro* 
-#>i-s^=L-7<»f&m*mf-&^ : t><DT&tii£mc 

- # >± y * d. - 7mmffli&mi3L*WAW Ltcm& yu - 

r3Mt?2><Dtf&3: LIA, Ztzl3-#yl-STD.-7~<D 

%w-&i<vm,w®Lm* 5 o v / c mj.x±rs^e: <t^w5aj 

&J1 0 k V/cmigtTSCirms, 

[0051] &*>\ 'mttnisfat.ti— #>i-sTD.—zr 
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§#)2 OnmWF eNi^t (F en.5N i 0.5) ©S» 
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J5fS§t§4 1^1 0-6/\°X*;U$T1*mL/c o ^t7) 
ifr1^;^-?6 5 0°ClC})Df8iLfd^^XT^ 

A^Oi^ff7Dli1 ooyUSi^u x^uvto^Eti 
1 0y\'X*;UcLfc o CtDti^ VSM8EfK»1 cmt 
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(§K7 hcorsm ■■ F7hs<Di orasig) (cud 

XLfc„ 
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